Abstract
Introduction

64
The human oral cavity is one of the five primary microbial microecosystems within 65 humans, and has been used as a model system for microbiome research (1) . Dysbiosis of 66 the oral microbial community has been observed in relation to some common systemic 67 diseases including rheumatoid arthritis (2) and type 2 diabetes mellitus (3). Until recently 68 the study of the oral microbiota has primarily focused on bacteria due to their relative 69 high abundance, easy detection, and cultivability. In contrast, the ecological contributions 70 of oral fungi, viruses, phages, and the newly classified "candidate phyla radiation" (CPR) 71 are not fully studied. However, some of these microorganisms are also associated with sequence data was generated, with an average of 27.6 million reads (5.5 Gb) per sample.
121
After filtering low-quality reads, 97.2 ± 0.9% of the sequence reads remained. Human
122
DNA accounted for 48 ± 23.2% of the high-quality reads and was also filtered prior to 123 further processing (Table S1 ).
124
In the remaining, quality-filtered libraries, the percent of the reads mapped to the CPR 125 database ranged from 0.12% to 1.51%, with no significant difference in abundance between the disease and control groups. There were also no significant differences in the In addition to the phylogenetic analyses described above, sequence similarity analyses We mapped all assembled contigs from our study to the CPR reference genome data 184 set, which yielded best hits that were members of the TM7 phylum. In conclusion, we designed a computational protocol to identify and characterize CPR 258 organisms that are difficult to culture using metagenomic sequencing approaches.
259
Specifically, phylogenetic analysis based on 16S rRNA genes, ribosomal proteins, and 
285
The participants were asked to accumulate saliva in their mouths for at least 1 minute,
286
followed by collection of saliva into a 50 ml sterile collection tube with a screw cap, and 287 this was repeated several times to collect at least 2 ml of saliva. Saliva samples were 288 placed on ice within 1 hour, subpackaged into 2 ml aliquots, and centrifuged at 12,000 289 rpm for 20 min at 4°C. Pelleted cell debris were stored at -80°C until DNA extraction. 
297
Extracted DNA concentrations were determined using a Nanodrop 8000 298 spectrophotometer (Thermo Scientific, USA), and the quality of DNA extracts was 299 evaluated by agarose gel electrophoresis.
300
Genomic DNA was sheared using the Biorupter ® Pico sonication device (Diagenode, Low-quality reads and reads that mapped to human DNA were removed from the raw 309 data, and the remaining sequences were further quality-filtered. Briefly, any sequences 310 with more than three ambiguous bases were removed. We screened reads for the were trimmed and the final alignment was used to generate a 16S rRNA phylogenetic tree 344 using MEGA7 (https://www.megasoftware.net) (32).
345
In addition, a concatenated ribosomal protein alignment-based tree was generated 
